Study Objectives: Narcolepsy diagnosis has been associated with a long lag time between the onset of the disorder and the diagnosis itself among patients with the disorder. This article reviews the childhood epidemiology of idiopathic narcolepsy, including its prevalence, subtypes, and disease progression.
Introduction
Narcolepsy is an uncommon neurological disorder affecting 0.02-0.067% of the population Challenges to diagnosing narcolepsy in the pediatric population include its atypical symptom presentation as it mimics other disorders (e.g., seizures
and syncope), the need for naps in preschoolers as a normal entity masking narcolepsy, young children's limited ability to self-report symptoms, children's compensatory over-activity to self-stimulate (e.g., appearing to have attention deficit hyperactivity disorder 6 ), and a lack of knowledge about the disorder among many pediatric specialists 7 . Despite these challenges, however, there may be a shorter lag time to diagnosis following symptom onset among pediatric populations than among adult populations 7 . A few studies have focused specifically on narcolepsy's presentation and progression in children; however, most reviews have not examined characteristics of those cases with vs. without cataplexy, partly due to the belief that some of those presenting with narcolepsy without cataplexy can later turn into those with cataplexy 8 . This current systematic review examines epidemiological and laboratory findings among pediatric populations while comparing narcolepsy with vs. without cataplexy, as cataplexy may moderate such findings.
Cataplexy, a common symptom of narcolepsy triggered by strong emotional stimuli, is characterized by a partial or total muscle weakness affecting the face, limbs or shoulders, but with retention of consciousness and normal respiratory and ocular muscle activity 9 .
Narcolepsy with cataplexy (N+C) patients may be more apt to exhibit severe forms of the disorder and most often require additional medications to treat their cataplexy. The frequency of cataplexic episodes is thought to be worse at disease onset as it appears to later decrease 9 . In general, the episodes are of rapid onset, short duration and have bilateral presentation.
Muscle atonia is also present during cataplexic episodes indicating postsynaptic hyper-polarization of the spinal cord 6 . N+C predominates in 85% of adult cases 1 .
Criteria for making a diagnosis of narcolepsy include the presence of EDS lasting more than three months 10 . This is in addition to cataplexy and either involving the 11 participants from these two studies.
The following data were recorded from each article: children's demographics (i.e., gender and age), in the N+C study only group as they contained data on age of onset and age of diagnosis [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] . The other 19 studies did not include this data and were excluded from analyses after attempts to contact the authors did not yield any further information. In addition, one study focusing on infants and very young children did not report the age of diagnosis and was thus excluded 83 .
Percentages of the associated symptoms of cataplexy, is pathognomonic for narcolepsy. However, due to the procedural invasiveness required to obtain hypocretin levels, it is less likely to be assessed but was included in three studies from the combined narcolepsy group and five from the narcolepsy with cataplexy group.
Results
Question 1. Do children with narcolepsy with vs. without cataplexy differ in age of onset, age of diagnosis, or gender distribution?
Of the 24 studies that included children with vs.
without cataplexy, nine reported the age of symptom onset and the age of narcolepsy diagnosis. In addition, 10 of the 14 studies of children with only N+C also included this information (see Table 1 ). The number of children with narcolepsy who also had cataplexy was 63.6% (n = 63) across studies that specified cooccurrence of cataplexy, and 289 when adding those from all studies that included only N+C group, indicating that the majority of children with narcolepsy do have cataplexy. The mean age of onset of narcolepsy symptoms for the N+C group was highly similar to that of the N-C group (11.1 years, ± 3.0 vs. 11.1 years, ± 4.3, respectively) in the first nine studies (p = .99).
Children in the N+C group were somewhat younger when examining only the 19 studies that reported symptom onset (10.4 years, ± 3.0). Overall, the mean age of onset for all narcolepsy patients (325 children) was 10.4 years (± 3.2).
The mean age of diagnosis for all children with N+C and N-C combined was 13.3 years (± 3.5). Some studies have suggested that the presence of cataplexy or worsening of symptoms may prompt seeking treatment and lead to an earlier diagnosis 89 . However, the similar age at symptom onset and diagnosis between the N+C and N-C groups suggests that this is not the case 90 . Specifically, age of diagnosis in the N+C group was 13.8 years (± 3.4) vs. Analysis of studies containing the 11 infants was conducted separately 47, 48 . Among this relatively small subgroup, a mean age of onset of 1.6 years (± 1.7) was found, but with a mean age of diagnosis of 50% (2) 100% (5) 0% (0) 40% (2) 25% ( 11.67 ± 6.03 13.8 ± 3.33
50% (2) 50% (5) 50% (2) 40% ( Note. Age data presented are means and standard deviations. Dx= diagnosis; HH= Hypnagogic and hypnopompic hallucination; N+C= Narcolepsy with cataplexy; N-C= Narcolepsy without cataplexy. . Other factors potentially associated with delayed diagnosis among adults relative to children include year of first symptom, number of symptoms, and absence of cataplexy as a cause for delayed diagnosis 90 .
In contrast, we found that absence of cataplexy does not appear to be related to age of diagnosis among children. One adult study also found female gender to be associated with a longer time to diagnosis 91 , while another found idiopathic hypersomnia to be associated with later diagnosis 92 . Children with other sleep disorders (e.g., obstructive sleep apnea) often present 93, 94 ; thus, the presence of EDS in this younger population should raise suspicions about a possible diagnosis of primary hypersomnia or narcolepsy. In addition, children presenting with EDS often suffer academically and are usually identified early by teachers who observe their daytime sleepiness and academic deterioration. This is in comparison to adults, who may have greater compensatory mechanisms (e.g., drinking caffeinated beverages). In a study conducted in South China, N+C was found to have a bimodal distribution, with the first peak at age 11 coinciding with that found in our review, and the second peak at age 39 95 . However, in the N-C group only one peak at about age nine years was found 95 . Contrary to this study, we found that N+C age of onset was somewhat younger than among children with N-C (10.4 vs 11.1). It is interesting that only one patient had an early onset of EDS with later cataplexy after 15
years. This suggests a dramatic difference between N+C and N-C. This later study also found an earlier onset in females compared with males. However, we found a higher prevalence of males among both the N+C and N-C groups among young children.
Since most of these pediatric studies are retrospective and depend on patient or family recall of symptoms, it is not unexpected for EDS to be the most common presenting symptom due to its having the most disabling consequences. In our review, EDS was the presenting symptom in about 46% of cases, with co-occurring EDS and cataplexy the second most common presentation (38%) and cataplexy by itself the rarest initial symptom, occurring in only 16% of cases.
When combing the EDS only and EDS/cataplexy groups, they represent 84% of cases. When it comes to the mean onset of symptoms of narcolepsy (cataplexy, hypnagogic and hypnopompic hallucination, and SP), cataplexy onset averaged 10.9 years of age, sleep paralysis 10.3 years, and hypnagogic or hypnopompic hallucinations 11.1 years. In addition, no characteristic difference (i.e., disease presentation and symptom progression) was found between N-C and N+C in our study.
In the current analysis, cataplexy was present 
